ABSTRACT A previous study showed that feeding of adult banded cucumber beetle, Diabrotica balteata LeConte, and development of the female reproductive system were strongly inhibited by a diet of fresh Valmaine (Val) romaine lettuce, Lactuca sativa L., relative to Tall Guzmaine (TG). Leaf surface chemicals have been shown not to be involved in the resistance of Val. In this study, leaves of TG and Val were freeze-dried and incorporated into an artiÞcial diet to evaluate whether the chemicals within the lettuce leaves were responsible for resistance to D. balteata feeding. The amount consumed and mature eggs produced were not signiÞcantly different when adults were given either a choice or no choice of TG or Val diets. However, latex from TG and Val strongly inhibited D. balteata feeding on a favorite food, lima bean leaves, when applied to leaf surfaces. Latex from Val turned brown faster than that from TG, and ßowed for a longer period of time before ceasing. Localized induced resistance to feeding was found in Val but not in TG after plants were previously damaged for 48 h. Therefore, we propose that localized inducible resistance and physical defenses in latex may account for resistance in Val to D. balteata.
LATEX OCCURS IN MANY plant species belonging to 40 families, and is typically contained within specialized living cells or in a series of fused cells called laticifers (Hunter 1994) . Laticifers are under positive pressure, which results in rapid emission of viscous, often milky, latex upon cutting (Data et al. 1996) . When injured, many plants exude latex, which frequently becomes sticky on exposure to air and can entrap or gum up the mouthparts of small herbivores such as early instar lepidopteran larvae, aphids, whiteßies, and ants (Dillon et al. 1983; Dussourd 1993 Dussourd , 1995 Zalucki and Malcolm 1999) . Insects may avoid latex and circumvent the mechanical stickiness and possible toxicity of latex by severing veins or leaf petioles, or by cutting trenches before feeding on areas of the plant isolated by the cuts (Dussourd 1997, Zalucki and Malcolm 1999) . In addition to adhesives, latex from many plants contains secondary metabolites, including cardiac glycosides Brower 1992, Zalucki and Malcolm 1999) , terpenoids (Evans and Schmidt 1976, Spilatro and Mahlberg 1986) , and alkaloids (Roberts 1987 , Valle et al. 1987 , which are toxic or deterrent to herbivorous insects (Data et al.1996) .
In many crop plants, resistance can be induced through wounding by insects or mechanical means (Karban and Baldwin 1997) . Induced resistance has been correlated with increased activities of oxidative enzymes (Bi et al. 1994) , enhanced synthesis of secondary metabolites (Bi et al. 1997) , or synthesis of primary gene products (Green and Ryan 1972) , which may involve decreases both in insect feeding preference and in the nutritional value of induced foliage (Schoonhoven et al. 1998) . Induced resistance can either spread systemically throughout the whole plant, or be localized to the damaged site. Localized accumulation of a sesquiterpenoid lactone phytoalexin, phenolics and phenolic esters have been reported in lettuce after being attacked by a pathogen (Bennett et al. 1994 (Bennett et al. , 1996 .
In a previous study, four closely related lettuce cultivars were studied for differences in resistance/ susceptibility to the banded cucumber beetle, Diabrotica balteata, an important pest of romaine lettuce in Florida (Huang et al. 2002) . Valmaine was the leading cultivar of romaine lettuce grown in Florida organic soils, but it was susceptible to thermodormancy, premature bolting, lettuce mosaic virus, and corky root rot (Guzman 1986 ). Therefore, plant breeders carried out crosses that led to the selection of Tall Guzmaine, which was produced by crossing Short Guzmaine with susceptible Parris White, and which has improved production characteristics over Valmaine. Valmaine was crossed with a cultivar of unknown resistance level to produce Short Guzmaine. Feeding choice and no-choice experiments showed that Valmaine had the highest level of resistance to D. balteata among the four lettuce cultivars tested (Tall Guzmaine, Short Guzmaine, Parris White, and Valmaine). Valmaine foliage was consumed to such a slight degree that female reproductive system development was greatly inhibited (Huang et al. 2002) . These results indicate that Valmaine may contain deterrents or lack feeding stimulants, either on the leaf surface or in the leaf interior. Our subsequent studies indicated that surface waxes on lettuce leaves were not responsible for resistance in Valmaine (Huang 2000) .
In this study, we investigated three factors. First, we investigated whether resistance factors in Valmaine were still active against D. balteata feeding after leaves were freeze-dried, milled into a Þne powder, and incorporated into an artiÞcial diet. An artiÞcial diet has been reported to support successfully the adult stage of the banded cucumber beetle (Creighton and Cuthbert 1968) and is commercially available. Second, we studied the role of latex by comparing beetle feeding on lima bean leaf disks whose surfaces were painted with latex of resistant or susceptible lettuce cultivars. Third, we investigated inducible resistance as a factor in lettuce resistance against D. balteata, which to our knowledge has never been investigated as a response in lettuce to insect herbivory.
Materials and Methods
Plants and Insects. Based on the results of previous research (Huang et al. 2002), Valmaine (Val; resistant) and Tall Guzmaine (TG; susceptible) romaine lettuce cultivars were investigated for possible resistance factors to foliar feeding by adult D. balteata. Seeds of each cultivar were kept overnight in the laboratory in a Petri dish lined with wet Þlter paper for better germination. Germinated seeds were planted in a transplant tray Þlled with a commercial potting medium (MetroMix 220, Grace Sierra, Milpitas, CA) and grown for 2 wk in a greenhouse with natural light. Seedlings were transplanted to 10-cm diameter plastic pots Þlled with MetroMix 220. Each plant was watered daily and fertilized weekly with 10 ml of a 10 g/L solution of a soluble fertilizer , N-P-K, W. R. Grace, Fogelsville, PA) from transplantation until the end of the experiment. Fordhook 242 lima bean seeds (Illinois Foundation Seeds, Champagne, IL) were sown in seedling tray cells containing MetroMix 200 in the same greenhouse in which the lettuce was grown. Lima bean plants used for sustaining the beetle colony were watered daily and fertilized weekly with the same solution used for lettuce plants after they reached the Þrst true-leaf stage. Lima bean plants used in our experiments were watered daily but were not fertilized because the leaves were harvested for experiments when plants were at the Þrst true-leaf stage.
Adult D. balteata were obtained from a laboratory culture originally collected from the Þeld in Belle Glade, FL in June 1996. Adults were fed lima bean leaves and sweet potato tubers, and larvae were reared on corn seedling roots as previously described (Huang et al. 2002) .
Leaf Powder Preparation. Four to Þve fully expanded leaves were excised from plants of each cultivar after they had reached the eight to nine fully expanded leaf stage. Excised leaves were immediately frozen at Ϫ40ЊC for 1 d before they were put into a freeze drier (model 25SRC, The Virtis Company, Gardiner, NY) for 4 d. Freeze-dried leaves were immediately ground in a Wiley mill (model 3383-L10, Thomas ScientiÞc, Mexico) to a uniform powder (40 mesh), and then stored in airtight glass containers (4.4-cm diameter, 4.5-cm high) in a freezer (Ϫ70ЊC) until used.
Artificial Diet Preparation. One hundred milliliters of control artiÞcial diet (Bio-Serv, Frenchtown, NJ) was prepared as follows. Agar (1.74 g) was boiled in 100 ml deionized water. KOH solution (1 ml) and diet dry mix (14.91 g) were added into the agar after it had cooled below 40ЊC, and thoroughly mixed to avoid the formation of lumps. The diet was poured into a glass Petri dish (14-cm diameter), covered with the glass lid, wrapped completely in aluminum foil, and stored in a refrigerator for up to 3 h (4Ð6ЊC). The test diet containing lettuce leaf powder was made by adding Þxed amounts of the leaf powder into the normal diet by replacement of diet dry mix with an equal weight of leaf powder. Three treatment diets for each cultivar were made containing 10, 20, or 30% freeze-dried leaf powder (dry weight) incorporated into the normal diet. The diet dry mix and leaf powder were thoroughly mixed before they were added to the agar. All diets were prepared 2Ð3 h before the following bioassays.
Dual-Choice Test Using Artificial Diet. Dual-choice tests were performed to test whether beetles showed a preference between TG and Val when leaf powder was incorporated into the normal diet. A no. 13 cork borer (Ϸ2.1-cm diameter) was used to punch out diet plugs (3Ð 4 mm thick) from the cooled diet. The bottom and top surfaces of the diet plug were covered with a circle of plastic, whose diameter was slightly larger than that of the diet plug, to slow diet desiccation and keep the diet free of frass. Only the edge of the diet plug was exposed to beetle feeding. Each experimental unit consisted of six plugs, three from a diet with TG leaf powder, and three from a diet with Val leaf powder at the same concentration, arranged alternately in a circle in a plastic container (27.5 ϫ 20 ϫ 10 cm). Twenty-Þve unsexed and unfed adults that had emerged within 48 h of the start of the experiment were released into this container and were allowed to feed on the diet for 3 d. Ten replicates were performed for each experimental unit. The experiments were carried out at 25 Ϯ 1ЊC in a laboratory under a photoperiod of 14:10 (L:D).
When the test diet plugs were punched out from a diet, another ten diet plugs were weighed individually (plug fresh wt) before they were put into an oven at 50 Ϯ 5ЊC. After 2 d, these plugs were reweighed individually (plug dry weight). A dry/fresh weight factor (F) was calculated for each disk as the ratio of plug dry weight to plug fresh wt. The test diet plug was weighed before it was given to the adults, and dry weight was calculated by multiplying with the average F value of the 10 disks described above. After 3 d, the diet plug was dried in the oven for 2 d. The amount of dry diet eaten was calculated as the difference between initial and Þnal dry weight diet.
The total dry weights of TG and Val diets consumed in 3 d were calculated by summing the dry weights consumed from all three plugs from the same diet in each experimental unit. The diet consumed was analyzed as a split plot design by Proc GLM (SAS Institute 1999) with random blocks replicated through time. The three levels of leaf powder were assigned at random to whole plots within each block. Each whole plot was divided into two subplots to which TG and Val diets were assigned at random.
No-Choice Test Using Artificial Diet. Two plugs of the same diet assembled as described above were presented to Þve pairs of adult D. balteata on the lid of a plastic cup placed upside down (10.5-cm diameter upper, 7.2-cm diameter bottom, 17.5-cm high, Solo Cup Company, Urbana, IL) in no-choice tests. Adults enclosed in the cup cage were unfed and had emerged within 48 h of the trial. Diet plugs with TG or Val leaf powder at 10, 20, and 30% concentrations were tested. Diet plugs from the normal diet without added leaf powder were also tested. All the experiments were carried out in an insect rearing room at 25 Ϯ 1ЊC under a photoperiod of 14:10 (L:D). After 13 d, surviving females were collected and stored in a refrigerator freezer (Ϫ9ЊC) for 10 Ð20 d when they were dissected to check their egg production. The percentages of females alive and females with yolk deposition were subjected to arcsine-͌ x transformations before they were analyzed as a 4 ϫ 2 factorial design with the diet concentration having four levels and cultivar having two levels using Proc GLM (SAS Institute 1999). Number of eggs produced during the 13-d feeding period was analyzed as 8 ϫ 2 ϫ 4 factorial design using Proc GLM in which the replicate (replicating through time) had eight levels, cultivars had two levels, and leaf powder concentration had four levels. Means were separated using TukeyÕs honestly signiÞcant difference (HSD) test with a signiÞcance level of ␣ ϭ 0.05.
Latex Application Test. Plants used for this study had six to eight fully expanded leaves and were cut off at the base to allow latex to exude. Latex was collected from the stem of a plant onto a knife blade, and then immediately smeared onto the top surface of a lima bean leaf in one of two areas conÞned by a binarychoice feeding arena. The feeding arena was made from a plastic Petri dish (8.9-cm diameter). Two round holes (2.9-cm diameter) 65 mm apart were cut from the bottom of the dish, and a ventilation hole (5.8-cm diameter) was covered with gauze material at the top of the dish. The other conÞned area was either untreated or treated with latex from the other cultivar so that three treatment combinations were studied (latex from Val versus latex from TG, latex from Val versus control, latex from TG versus control). Latex that exuded from one plant was spread on one conÞned area of a lima bean leaf and the amount spread was not quantiÞed. Each treatment combination was replicated 14 times. One pair of adults was released into the feeding arena and allowed to feed for 48 h after the latex on the lima bean leaf had dried. After 48 h, the section of leaf containing the damaged site was cut from the whole leaf and placed between two sheets of clear acetate transparencies. The eaten area was estimated by scanning the cutout leaf section (JADE 2, Linotype-Hell, Taiwan) and analyzing the image with an imaging program (ImagePC beta version 1, Scion Corporation, Frederick, MD). Leaf area consumed was analyzed by paired t-test using Proc MEANS (SAS Institute 1999). Total leaf area consumed per pair of adults for 48 h was calculated by adding the area of the two exposed areas in each feeding arena and analyzing as a randomized complete block design by Proc GLM. Means with signiÞcant analysis of variance (ANOVA) were separated using TukeyÕs HSD test at ␣ ϭ 0.05.
Latex Physical Properties. The weight of exuded latex and time to latex ßow cessation were compared between TG and Val by severing plants at their base. Fresh latex was collected continuously onto a preweighed Þlter paper until latex ßow ceased. The Þlter paper was reweighed to determine fresh weight and then placed in an oven at 55ЊC for 24 h to determine latex dry weight. In addition, time between the beginning of the cut and the end of latex ßow was measured. Measurements were replicated 28 times for each cultivar.
The oxidation of phenols into quinones by polyphenol oxidase or peroxidase is responsible for the darkening of many fruits and vegetables when mechanically damaged (Cole 1984) . The quinones subsequently polymerize into brown pigments or covalently bind to amino acids and proteins, thus reduce leaf nutritional quality to the herbivore (Matheis and Whitaker 1984) . In this experiment, how quickly latex from each cultivar browned after exposure to air was investigated by randomly piercing the seventh or eighth leaf several times with a minuten insect pin until latex ßowed out of the holes. Leaves were matched for size and position within the plant. Time from latex exudation to latex browning was measured in seconds. Measurements were replicated 20 times on different plants for each cultivar. Latex weight, time to ßow cessation, and browning time were analyzed by t-test.
Inducible Resistance. Both localized and systemic inductions of resistance were investigated. Plants had six to eight fully developed leaves. Leaves used for all the assays were still attached to the plants, and were matched for size and position within the plants. The leaves were damaged by allowing one pair of beetles to feed for 48 h in a cage clipped onto the leaves. The cage was the same as that used in the latex application test, but had only one hole. Leaves on control plants were treated the same way but no adults were present. The pair of adults was then removed from the plants after 48 h.
To investigate localized induction, a previously damaged Val leaf was paired with an undamaged Val leaf from a control plant and caged together by the dual-choice feeding arena placed 1 cm away from the edge of the previous damage (closer to the basal end of the leaf). A new pair of unfed adults was released into each cage immediately after the initial feeding damage was Þnished, and they were allowed to feed for another 48 h. The same experiment was done with TG.
In the systemic induction experiments, initial feeding damage was inßicted as described above. In the feeding bioassay, one pair of adults was given a choice between the undamaged leaf directly above the previously damaged leaf, and the corresponding undamaged leaf from the undamaged control plant of the same cultivar. Leaf area consumption in localized and systemic resistance experiments was recorded as described above using ImagePC. The difference in leaf area consumption between treatment and control leaves was analyzed by paired t-test using Proc MEANS.
Results
Dual-Choice Test with Artificial Diet. Differences in feeding between TG diets and Val diets were not signiÞcant (F ϭ 1.71; df ϭ 1, 27; P ϭ 0.2023) (Fig. 1) . However, there was a signiÞcant difference in diet consumption among the concentrations of leaf powder added to the artiÞcial diet (F ϭ 47.19; df ϭ 2, 27; P Ͻ 0.0001). Further statistical analysis showed that diet consumption on both TG and Val increased linearly with an increase in leaf powder concentration from 10 to 30% (TG: F ϭ 100.79; df ϭ 1, 27; P Ͻ 0.0001; Val: F ϭ 526.65; df ϭ 1, 27; P ϭ 0.0006). The replications through time (time factor) had a signiÞcant effect on the amount of diet consumed by adult D. balteata (F ϭ 17.14; df ϭ 9, 27; P Ͻ 0.0001). Interactions between time and concentration (F ϭ 0.775; df ϭ 18, 27; P ϭ 0.7318) and between concentration and cultivar (F ϭ 0.83; df ϭ 2, 27; P ϭ 0.4488) were not signiÞcant.
No-Choice Test Using Artificial Diet. The number of mature eggs produced by females feeding on diets for 13 d did not differ signiÞcantly between the TG and Val diets at any concentration (F ϭ 0.5883; df ϭ 1, 9; P ϭ 0.4634) ( Fig. 2A) . Females feeding on TG diets with different concentrations of leaf powder had 65Ð75 mature eggs whereas females on Val diets had 63Ð70 mature eggs. Moreover, the increasing concentrations of leaf powder added did not signiÞcantly affect egg production of females, regardless of cultivar (F ϭ 1.8272; df ϭ 3, 24; P ϭ 0.1691). No replication effect was observed on egg production of females feeding on diets with different levels of leaf powder from TG and Val (F ϭ 2.0708; df ϭ 7, 12; P ϭ 0.1289). No signiÞcant effect of the interaction among replication, cultivar, and concentration on female reproduction was found (F ϭ 0.5179; df ϭ 21, 125; P ϭ 0.9587). Neither were two-factor interactions between replication and cultivar (F ϭ 0.9350; df ϭ 7, 26; P ϭ 0.4967), and between cultivar and concentration (F ϭ 0.8141; df ϭ 3, 28; P ϭ 0.4969) signiÞcant. However, the interaction between time and concentration was signiÞcant (F ϭ 2.2539; df ϭ 21, 21; P ϭ 0.0347). The percentage of females with mature eggs on TG diets was not signiÞcantly different from that on Val diets (F ϭ 1.77; df ϭ 1, 56; P ϭ 0.1889) (Fig. 2B) . The increasing amount of leaf powder added into the normal diet did not signiÞcantly affect the percentage of females producing mature eggs (F ϭ 2.04; df ϭ 3, 56; P ϭ 0.1185). There was no signiÞcant difference between TG and Val diets (F ϭ 1.49; df ϭ 1, 56; P ϭ 0.2280) in female survivorship on any of the diets, and there was no concentration effect (F ϭ 0.65; df ϭ 3, 56; P ϭ 0.5871) (Fig. 2C) .
Latex Application Test. SigniÞcantly less feeding damage was found on the lima bean leaf tissue when its surface was spread with latex either from Val or TG (Table 1) . Lima bean leaf sections smeared with latex were barely damaged by adult D. balteata and beetles ate 24 Ð59 times more control lima bean leaf tissue than leaf tissue with latex. Most of the leaf area consumed on latex-treated leaves could be attributed to experimental error in spreading latex evenly on the leaves. Most damaged areas on the latex-treated lima bean leaves were found along the perimeter of feeding arenas where no latex or less latex was spread. Some beetles gained access to the untreated undersurface of leaves by chewing through these nonlatex treated spots. Once beneath the leaves, they consumed the entire lower leaf surfaces and left the upper surfaces intact. This happened more often in the choice test between leaf areas with latex from TG and from Val. The total amount of leaf area consumed per pair of adults in 48 h was signiÞcantly different among the three treatments (F ϭ 16.09; df ϭ 2, 39; P ϭ 0.0001), with the least consumption occurring in the test where beetles had a choice between lima bean leaf areas spread with latex from TG and from Val.
Latex Physical Properties. Latex from Val browned after exposure to air 11% faster than latex from TG (t ϭ 2.90; df ϭ 38; P ϭ 0.0063) ( Table 2) . No signiÞcant differences in fresh or dry weights of latex exuded from TG and Val were observed. However, latex from Val ßowed for 27% longer after cutting than did latex from TG (t ϭ 4.85; df ϭ 54; P ϭ 0.0001).
Inducible Resistance. Localized induced resistance to beetle feeding was observed on Val after 48 h of previous feeding by other beetles. Adult beetles given leaf tissue from previously damaged Val leaves ate only 26% of the leaf area consumed by beetles on control Val leaves (20.0 Ϯ 4.7 mm 2 versus 76.9 Ϯ 14.7 mm 2 , t ϭ 3.7137; df ϭ 11; P ϭ 0.0034) (Fig. 3) . Ten percent less feeding damage was observed on previously damaged than on undamaged TG leaves, although the difference was not signiÞcant (t ϭ 1.6161; df ϭ 11; P ϭ 0.1343).
No systemic response to previous feeding was observed after a 48 h test period (Fig. 4) . The leaf area consumed on undamaged leaves of plants previously damaged for 48 h did not differ signiÞcantly from that on undamaged leaves of undamaged plants (TG: t ϭ 0.6168; df ϭ 11; P ϭ 0.5499; Val: t ϭ 0.2284; df ϭ 11; P ϭ 0.8235).
Discussion
Adult D. balteata did not show a signiÞcant preference for TG over Val in dual-choice tests and produced similar numbers of mature eggs, regardless of the diet on which they fed for 13 d, in no-choice tests when leaves were ground into powder and incorporated into an artiÞcial diet (Figs. 1 and 2 ). This Þnding was unexpected given the results of our previous studies where we demonstrated that fresh Val plants strongly inhibit adult D. balteata feeding and egg development (Huang et al. 2002) . Furthermore, increasing the amount of leaf powder of TG or Val in the artiÞcial diet resulted in increased, not decreased, diet consumption by D. balteata. This increasing feeding may be a compensatory response to suboptimal quality of the diet with lettuce leaf powder compared with the beetleÕs unadulterated artiÞcial diet with the same amount of dry matter. Compensatory feeding responses by adjusting feeding rate to approach or realize maximal growth rate have been found in several insect species and are proposed to be general among herbivorous insects (Simpson and Simpson 1990 ). Another explanation for increased feeding with increasing lettuce leaf powder concentration is that powdered lettuce may contain a phagostimulant for the beetles.
The loss of resistance of Val against D. balteata feeding when presented as dried leaf powder may be a side effect of using an artiÞcial diet. ArtiÞcial diets differ in many respects from natural food sources of herbivores and usually contain feeding stimulants for designated insects, which can mask effects of feeding deterrents. It has been proposed that a change in the balance between phagostimulants and deterrents can make an unacceptable food acceptable and vice versa (Bernays and Chapman 2000) . Thresholds for the same deterrent may vary as much as 1000 times between natural and artiÞcial substrates, resulting in differences in the effective concentrations of the chemicals presented to the insect (Schoonhoven 1982) . Moreover, the same chemicals may have neutral, phagostimulant, or deterrent effects at different concentrations depending upon existing background compounds, especially phagostimulants (Lewis and van Emden 1986) .
Results from the latex application test reported here showed that latex from both TG and Val was very deterrent to beetle feeding, indicating that latex may act as a physical or chemical defense for lettuce. However, because both cultivars produce latex once a laticifer is ruptured, physical and chemical defenses may also be present in TG latex. Perhaps one of the reasons why TG is more susceptible than Val is because TG latex may have different physical properties than Val. Latex from Val turned brown faster than that from TG, and ßowed for a longer period of time before stopping even though the amount emitted was not signiÞcantly different. Another possibility is that potential antifeedants or physical barriers in fresh lettuce latex may not be enough to keep the beetles away from TG, but in concert with localized induced resistance or other plant secondary chemicals in Val, they result in low foliar damage and beetle reproductive failure. These deterrents may be the original chemicals produced by the plants that are still active in oxidized latex or new chemicals produced during oxidation. When detached leaves or leaf disks were used in previous feeding bioassays, Val partially or totally lost its resistance (Huang 2000) , which provided further evidence that latex emission may provide a physical barrier or chemical defense to feeding by this insect. Many different organic compounds have been identiÞed in latex of Lactuca spp., including organic acids, phenolics, and a triterpene alcohol (Crosby 1963 , Gonzalez 1977 , Cole 1984 . Like many plant secondary compounds, these organic compounds may act as deterrents or toxins to potential herbivores.
Localized resistance was induced in Val, but not in TG, after leaves were damaged by beetles for 48 h. Herbivore-induced resistance is correlated with the induction of oxidative enzyme activity, de novo or enhanced synthesis of secondary metabolites, and decline in nutritional quality (Bi et al. 1994 (Bi et al. , 1997 McAuslane et al. 1997; Tuomi et al. 1988) . After a leaf of Val has been fed upon by beetles, changes such as induction of activities of lipoxygenases, peroxidases, or polyphenol oxidase may occur, which in turn may affect beetles attempting to use this leaf at a later time. It has been reported that phenylalanine ammonia lyase, the Þrst enzyme in the phenyl propanoid pathway, is more active in aphid-resistant cultivars of L. sativa, and that resistant cultivars have a greater tendency to brown when plants were damaged (Cole 1984) . Induced resistance may also be correlated with enhanced synthesis of unknown secondary metabolites in Val.
Systemic resistance was not induced in Val plants after they were damaged for 48 h. Val plants may save energy and nutrients for growth and development by changing chemical status only in damaged leaves. It is also possible that an interval of 48 h was not long enough for resistance to be induced (Schoonhoven et al. 1998) . If a systemic signal was initiated within 48 h by beetle feeding it may not have been transmitted to the leaf immediately above it (i.e., the next youngest leaf). For example, systemically induced resistance in eastern cottonwood, Populus deltoids, is directly related to the distribution of the plant vasculature (Jones et al. 1993) .
Based on our results, two hypotheses are proposed to explain resistance in the Valmaine cultivar of romaine lettuce against D. balteata. The Þrst is localized inducible resistance, and the second is the presence of a physical barrier or chemical defense in latex, which became ineffective when leaves were dried and powdered. Thus, beetles may have to contend with both physical or chemical defense in latex and localized inducible resistance in response to feeding when they try to eat Val lettuce. Also, it is possible that localized inducible resistance and latex defenses in Val lettuce are synergistic and enhance Val resistance to D. bal-teata. However, the mechanisms of resistance in lettuce against D. balteata are far from completely known. How quickly the localized inducible resistance occurs after initial feeding damage and how long it lasts still need to be investigated. Moreover, how enzymatic activities change after induction also needs to be studied. Whether latex chemistry differs between Val and TG and contributes to the resistance in Val is also a very interesting subject and presents a challenging area for further research.
